This paper contains the results derived from a study of the yellow, red, and infrared regions of the arc spectra of yttrium lanthanum, and cerium. Spectrograms were photographed with the dyes pinacyanol. kryptocyanin, and dicyanin. The rare earth compotmds studied were derived from two sources: From the University of Illinois were obtained the oxalates of yttrium and lanthanum and the oxide of cerium, prepared imder the direction of Prof. B. S. Hopkins; from Eimer and Amend were obtained the chlorides of yttrium and lanthanum and the nitrate of cerium, the last being a Kahlbaum preparation. In addition to spectrograms of the above-named materials secured with the concave grating spectrograph of the Btueau of Standards there were available for measurement two spectrograms made by Dr. Eder, of Vienna, with his grating spectrograph. These spectrograms were of yttrium and cerium salts prepared by C. Auer von Welsbach. The tables submitted herewith contain about 175 lines in the spectrum of yttrium, 410 in the spectrum of lanthanum, and about 1700 in that of cerium. Many of the wave lengths are those of heads of bands which are prominent in the spectra of yttrium and lanthanum. Part II of this paper, prepared by Prof. B. S. Hopkins and Dr. H. C. Kremers at the University of Illinois, describes the methods used in purifying the samples of yttrium, lanthanum, and cerium, which were used in this work.
Current strengths of 6 to lo amperes were used under 240 volts pressure, depending on the spectral region being photographed.
The spectrograms were made on Seed 23 and Seed 30 plates measuring 2>^by 8 inches. They were sensitized to the yellow, red, and infra-red regions of the spectrum with pinacyanol, kryptocyanin,* and dicyanin, respectively. Dyes produced in this country and abroad were used with equal success. The exposure times ranged from 2% minutes for the yellow regions to 5 hours for the infra-red. The arc spectrum of iron served as comparison spectrum, and its wave lengths determined by interference methods * were used in the reductions. The iron spectrum was photographed both at the beginning and at the end of long exposures in order to eliminate any possible temperature shift.
Inasmuch as the grating is mounted in a small room whose temperature changes are gradual through long periods of time, corresponding to seasonal changes, no trouble from this sotuce was experienced. A potassium bichromate cell or a screen of red glass, Jena 4512, was used in front of the slit of the spectrograph to remove overlapping higher orders of spectra.
In addition to the spectrograms made here, as described above, the Biueau of Standards has received from Prof. J. M. Eder, of Vienna, a number of spectrograms of the rare earth preparations of C. Auer von Welsbach. Among them, two-one of erbium nitrate containing yttrium, the other of cerium chloride-extend into a portion of the same spectral regions investigated here. These spectrograms were secured by Eder with a Rowland concave grating of 4.6 m radius and containing 13 000 lines per inch. The dispersion was 3.7 A per millimeter. The results derived from these plates are included with those given in the tables of this paper.
All the plates were measured on a large engine of which the smallest scale division is o.ooi mm. The spectrograms were measured directly in the sense increasing wave lengths with increasing scale readings, and then in the reversed position. In both directions of measurement from two to six settings with the micrometer wire were made on each line according to its sharpness.
III. RESULTS
In the following tables are brought together the results derived from the measurement of the plates. The tabulated wave lengths are, in the case of yttrium and lanthanum, the averages of from 2 to 12 determinations, and in the case of ceriiun, from 2 to 7.
The majority of the tabulated wave lengths, however, are the means of 4 observations. Lines observed only once were recorded on plates exposed longer than the average to a particular spectral region.
The second and third colimins of the tables give symbols describing the intensity, character, and accuracy of the lines.
The intensities range from i or < i for the faintest lines measured to 10 for the strongest. An asterisk (*) The final purification consisted in precipitation of the oxalate in the presence of free nitric acid, followed by a thorough washing of the precipitate. This process was repeated twice more and finally the oxalate was converted to the oxide by ignition in platinum.
SAMARIUM »6
The solution from which most of the cerium material had been removed, as just described, was boiled still further to remove the last traces of cerium, an excess of marble being present to keep the solution neutral.
In this manner all the remaining cerium and a small amount of the other rare earths were thrown down. The boiling was continued until a small filtered portion of the solution failed to respond to the hydrogen peroxide test for cerium. When this point was reached, the residue, which consisted of a mixture of marble and eerie basic nitrates intermingled with some of the other rare earths, was filtered off. Then the remaining rare earths were precipitated from a boiling solution by hot oxalic acid solution.
The precipitated rare earth oxalates were washed thoroughly first by decantation and then on a large Biichner funnel. The oxalates were dried in an air bath and ignited in an electric furnace and the resultant oxides dissolved in nitric acid. A quantity of nitric acid equal to that used in the solution of the rare earth oxides was neutralized by adding magnesium oxide. The two nitrate solutions were then filtered, mixed, and evaporated imtil crystals of the magnesium rare earth nitrate began to Whenever the solution at the insoluble end no longer showed in the spectnmi the absorption lines of neodymium, this dish was set out of the series and reserved for work on lanthanum and praseodymium. When the soluble end began to crystallize poorly, this portion was diluted, filtered, and the rare earths separated from other soluble salts by precipitation with oxalic acid. The fractionation was continued as long as samarium continued to appear at the soluble end.
When it became evident that the samarium had all been removed from the series, the oxalates from the soluble end were ignited and again converted into the magnesium rare earth nitrate by the method already described. The second fractionation was carried out in the same manner as before with the object of more completely separating samarium and neodymium. When the absorption bands of neodymium disappeared from any fraction at the soluble end it was set out of the series and the samarium precipitated by oxalic acid. When the samarium lines disappeared from any fraction at the insoluble end it was set out for the preparation of pure neodymium material.
The samarium oxalate, prepared as stated, contained appreciable amounts of gadolinium, some europiimi, and most of the yttrimn group earths contained in the original monazite residues.
To free the samarium from the yttritun-group elements the method of fractional crystallization of the magnesium double nitrate in 30 per cent nitric acid was used. After 1 80 fractionations in this manner it was fotmd that practically all the yttrium earths had been removed. Double magnesium bismuth nitrate was then added at the soluble end of the series, as first proposed by Urbain and Lacomb.^" The fractionation was now continued in the same manner as formerly, with the samarium coming out at the insoluble end, with the bismuth salt next, and the europium and gadolinium following in order at the soluble end. As the fractionation continued the concentration of the nitric acid solvent increased to 50 per cent or more, which probably aided the complete isolation of samarium. After 35 fractionations in this manner, the material at the insoluble end was thought to be pure "C R., 187, p. 793; 1903. samarium, since no absorption lines other than samarium had been visible for some time. Accordingly atomic weight determinations, using the oxide to chloride ratio, were run on 6 fractions, The material sent to the Bureau of Standards was taken from these purest fractions, the final purification being accomplished by alternate precipitations as hydroxide and oxalate.
3. LANTHANUM »T hose fractions of the magnesium double nitrate crystallization which were set out at the insoluble end of the series, as explained in the preceding discussion, contained lanthammi with small amounts of praseodymium. These lanthanum-rich fractions were then removed and converted into the double ammonium nitrates and given a long series of recrystallizations. Lanthanum can best be separated from small amounts of praseodymium by means of the double ammonium nitrates. Since praseodymium, with possible small amounts of neodymium, would be the only other rare earths present here, a simple absorption spectrum analysis of the 1' The preliminary part of the fractionation of the double maenesium nitrates was carried out by Dr. E. solution would indicate the purity of the lanthanum. The purest lanthanum thus obtained showed no absorbtion bands when observed through a 10 cm layer of the concentrated solution. The final purification of the lanthanum material was accomplished by precipitation from hot solution with oxalic acid in the presence of free nitric acid; the precipitate was thoroughly washed, dried, ignited, and redissolved in nitric acid. This process was repeated twice more, the final treatment stopping with the oxalate, which was the material supplied for spectrum work.
4. NEODYMIUM >« The fractionation of the neodymium-rich portion of the double magnesium nitrate series from which the lanthanum had been obtained as described above was continued for some time. Since neodymium is more abundant than any other earth of this group, after the separation of cerium, the problem of obtaining relatively large quantities of neodymium of high purity is not difficult. 
